Abstract: Field measurements were carried out on a mixed grain size beach to investigate sorting of bed material and topography change on three measuring lines. In erosion term, fine sand from onshore side was transported offshore and bed material on the surface became coarse. In accretion term, the rate of pebble on the surface increases on accreted area above the shoreline and fine sand was accreted around the shoreline. From measuring bottom profile over one year, it is found that eroded region did not recover completely.
1.Introduction
Bed material in the field often has widely spreading grain size distribution. In general, topography change is predicted by evaluating sediment transport rates using representative grain size, for example, the mean grain size. In a beach where grain size distribution is narrow, such a procedure can be applied for evaluating sediment transport rates because almost all of the particles are transported with the same mode (bed load, suspended load or sheet flow). On the other hand, in a beach where grain size distribution is wide, direction of bed material transport depends on its grain size because the mode of transport of fine bed material is not always the same as that of coarse bed material in the cross-shore direction. In addition, the interaction in sediment transport between fine and coarse bed materials have to be taken into account.
Some procedures have been proposed to take account of the effect of the grain size distribution on the sediment transport (Sakai et al., 2000 , Sato et al., 2000 , Dibajnia et al., 2001 , Tanaka et al., 2001 on the basis of laboratory experiments. On the other hand, 1 Research Associate, Graduate School of Civil Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka, 565-0871, Japan. araki@civil.eng.osaka-u.ac.jp 2 Professor, Graduate School of Civil Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka, 565-0871, Japan. deguchi@civil.eng.osaka-u.ac.jp 3 Graduate Student, Graduate School of Civil Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka, 565-0871, Japan. transport of bed material with widely spreading grain size distribution in the field has not been investigated yet due to the complex sediment transport.
In the present study, sorting process of bed material and resulting topography change on a sloping beach where bed material is widely spreading grain size distribution are investigated through field measurements for one year. Shoreline change in the objective field from 1970 to 2000 is also investigated from aerial photographs to examine the characteristics of long term shoreline change.
2.Characteristics of Objective Beach and Shoreline Change Detected from Aerial Photographs
Field measurements were carried out on a beach in Narugashima Island located in the southeastern part of Awaji Island, facing the Kitan Strait (Figure 1 ). In the middle part of the east side of the island, an almost straight beach of 1km length exists. Bed material of the beach is mainly composed of sand of grain size d<0.5mm and small pebbles of grain size d=10-20mm. The authors at first analyzed the characteristics of long term shoreline change by analyzing aerial photographs taken in 1970, 1974, 1981, 1986, 1991, 1995 and 2000 by the Geographical Survey Institute, Japan. Figure 2 shows an example of aerial photograph taken in 1986. We determined the location of the water line from these photographs. Figure 3 shows the comparison of the determined location of shorelines of different seven periods. The vertical axis (y-axis) is the distance toward the south and the horizontal axis (x-axis) is the distance toward the east (seaward). The objective field is in the region of 100m<x<140m. From this figure, it is found that the shoreline in the objective beach fluctuates for a long term with a neutral point at approximately x=200m. The amplitude of the fluctuation is largest at both ends and the magnitude is about 20m. However, there is not any monotone advance or retreat of the shoreline. Therefore, it is judged that the total volume of bed materials in the objective beach is conserved for these 30years. Longshore sediment transport also plays a certain role depending on the incident wave conditions.
3.Field Measurement
Bottom profiles were measured near the shoreline on three measuring lines set at the longshore interval of 20m in September, November, December 2001, March, May August and December 2002 by leveling. Bed material along each measuring line was also sampled at 2.5-5m interval in the cross-shore direction and 5-20cm interval in the downward direction from the surface. After drying the sampled bed material, grain size distributions were analyzed by sieve tests.
Incident waves were measured using a pressure-type wave gauge at the depth of 1.2m on the middle measuring line from 22 to 23 of December 2001. Through the correlation analysis of measured wave height at the objective beach and wave height measured at a measuring station of Kansai International Airport, we estimated the long term characteristics of incident waves at the objective beach. Figure 5 shows a comparison between significant wave height measured at the beach in Narugashima and that measured at the measuring station of Kansai International Airport from December 22, 2001 to December 23, 2001 and Table 1 shows the wind direction measured at the measuring station of Kansai International Airport. From 11 a.m. December 22 to 6 p.m. December 22 when the wind blew from the north or the west, there is a difference between the both significant wave heights. However, since 7 p.m. December 22 when the wind blew from the north or the east, the correlation in the significant wave height is good. On the other hand, we can estimate wave height and period of wind wave near Kansai International Airport using wind direction and wind velocity. Therefore, we estimated incident wave characteristics at Narugashima Island by applying the same relationship between the wave height and wind velocity using wind data measured at Yura Harbor from October 2001 to September 2002. As a result, it is found that the frequency of appearance of wave height larger than 0.6m was less than 10% and those waves were generated by northerly winds (NNW-NE) and southerly winds (SE-S). Table 2 shows the estimated total hours when the wave height became larger than 0.6m during October 2000 and September 2002. Besides these wind waves, swell from the south generated by typhoon often reaches the objective beach in summer. Figure 6 shows the time histories of parameter Cs proposed by Sunamura and Horikawa (1974) to classify the type of cross-shore beach profile for d 50 =9.52mm (small pebble) and 0.42mm (sand) from September to December 2001. The solid and dotted lines show the value of Cs for d 50 =9.52mm and 0.42mm, respectively. The value of Cs is estimated from the following equation.
4.Topography Change
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where H 0 is wave height, L 0 is deepwater wave length and tanβ is slope of the beach. Here, wave height and wave period measured in the measuring station of Kansai International Airport were used and the mean slope of the profile measured on September 6, 2001 was used to evaluate the value of Cs. In the figure, the lines for Cs=6 and Cs=18 are shown as indexes of erosion and accretion, respectively. The value of Cs for d=9.52mm is almost below 6. Therefore, small pebbles were transported onshore or nowhere during this period. On the other hand, the value of Cs for d=0.42mm often exceeds 18. Therefore, sand was transported offshore and profile was eroded during this period. 
5.Change in Composition of Bed Material
From Autumn to Winter
Figures 7 and 8 show the distributions of weight ratios of small pebble (d>9.52mm), coarse sand (0.42mm<d<9.52mm) and fine sand (d<0.42mm) on the unit surface area and the profiles along the measuring lines 2 and 3 from September 6 to December 22, 2001. As mentioned before, the profiles were eroded and the berms disappeared in this period. Moreover, bed material around the shoreline became fine on November 1 and became coarse on December 22. This change in bed material on the surface resulted from the sorting due to the difference in the transport direction of small pebble and sand. Figures 9(a) and 9(b) show the vertical distributions of bed material at x=20m on the measuring line 2 from September 6 to November 1 and from November 1 to December 22, respectively. At this point, the profile was eroded by 20cm by November 1 and was eroded further by 20cm by December 22. In the figures, the vertical axes for November 1 and December 22 are both shifted downward by 20cm. The composition of bed material on November 1 is different from that at z=-20cm on September 6 because the fine sand in the bed material at z=-20cm on September 6 is less than 30%. Although the bed material at z=-20cm on November 1 includes fine sand, coarse sand and pebble, the bed material on the surface on December 22 includes only pebble. From Figure 4 , the bed material transported offshore was only fine sand during this period. Therefore, the change in the composition of bed material in this period resulted from not only the exposure of a lower layer by erosion but also offshore transportation of fine sand. As a result, bed material on the surface around the shoreline became coarse because of offshore transportation of fine sand. However, the bed material on the surface on November 1 became fine because the fine sand from the area at x<20m was being transported offshore on November 1. The fine sand on the surface on November 1 was transported farther offshore (x>20m) by December 22. Figures 10(a) and 10(b) show the vertical distributions of bed material at x=20m on the measuring line 3 from September 6 to November 1 and from November 1 to December 22, respectively. At this point, the profile was eroded by 30cm by November 1 and was eroded further by 20cm by December 22. In the figures, the vertical axes for November 1 and December 22 are shifted downward by 30cm and 20cm, respectively. The composition of bed material on the surface on November 1 is different from that at z=-20cm or 40cm and the composition of bed material on the surface on December 22 is also different from that at z=-20cm on November 1. Fine sand in the measuring line 3 was transported in the same way as the fine sand in the measuring line 2. The fine sand was being transported offshore on November 1 and the fine sand on the surface on November 1 was transported farther offshore (x>20m) by December 22. Therefore, the bed material on the surface around the shoreline became coarse on November 1 and became fine on December 22. Figures 11(a) and 11(b) show the vertical distributions of bed material at x=17.5m on the measuring line 3 from September 6 to November 1 and from November 1 to December 22, respectively. At this point, the profile was eroded by 10cm by November 1 and was eroded further by 20cm by December 22. In the figures, the vertical axes for November 1 and December 22 are shifted downward by 10cm and 20cm, respectively. Although bed material on the surface on September 6 includes fine sand in this point, bed material on the surface on Dec.22
November 1 is almost pebble. Therefore, the fine sand accreted around the shoreline on the surface on November 1 on the measuring lines 2 and 3 is from the region around this point (x=17.5m). Anyway, the change in beach profile (disappearance of berm) on two measuring lines set at the interval of 20m (Figures 7 and 8) and sorting of bed material (Figures 9 and 10 ) are almost the same in the erosion process. Figure 12 and 13 show the distributions of weight ratios of small pebble, coarse sand and fine sand on the surface and the profiles along the measuring lines 2 and 3 from March 8, 2002 to August 5, 2002 . Although the area around x=10-15m was slightly eroded, the bed material was accreted around the shoreline. The bed material around the shoreline (x=22.5m) became fine on the measuring lines 2 and 3 on May 1. The bed material around the shoreline was still fine on the measuring line 2 on August 8. On the contrary, the bed material around the shoreline became coarse on the measuring line 3 on August 8. Figure 14 shows the vertical distributions of bed material at x=17.5m on the measuring line 2 from March 8, 2002 to May 1, 2002 . At this point, the bed material was accreted by 20cm by May 1. In the figures, the vertical axes for May 1 are shifted upward by 20cm. The main bed material of accretion is pebble. The pebble was probably transported from offshore side because large incident wave might attack the beach. The fine sand at x=22.5m was probably transported from onshore side. Therefore, the bed material on the surface at x=12.5-17.5m becomes coarse and the bed material around the shoreline (x=22.5m) became fine. Figure 15 shows the vertical distributions of bed material at x=17.5m on the measuring line 3 from March 8, 2002 to May 1, 2002 . At this point, the bed material was accreted by 20cm by May 1. In the figures, the vertical axes for May 1 are shifted upward. The main bed material of accretion is also pebble on the measuring line 3 and was probably transported from offshore side. It is already shown in Figure 13 that the bed material on the surface at x=17.5-20m became coarse. The difference between the compositions of bed material on May 1 and on August 5 is not so large. However, the bed materials on the surface on August 5 at x=22.5m became finer than that on May 1. It seems that fine and coarse sand were transported offshore because the area around x=10m was eroded. The erosion around x=10m may result from high waves accompanied by typhoon in July 2002. The bed material on the surface on August 5 at x=15m became coarse. The pebble is judged to be transported onshore because the percentage of pebbles at x>20m in the distribution on the surface decreases from May to August. Therefore, the pebble from the area around the shoreline was probably accreted on the area at x=15m. Anyway, there are some differences in the change in bottom profiles along two measuring lines (Figures 12 and 13 ) and sorting of bed material (Figures 14-18 ) in the accretion process. 
From Spring to Summer
6.Conclusion
In this study, field measurements on a mixed grain size beach in Narugashima Island were carried out and sorting of bed material, especially sorting in cross-shore direction, and topography change were investigated. Main results are summarized as follows: the shoreline and fine sand was accreted around the shoreline. Therefore, in this process, pebble was transported onshore and fine sand was transported in the both onshore and offshore directions depending on incident wave conditions.
-It is found that erosion (disappearance of berm and retreat of shoreline) took place from autumn to winter and accretion took place from spring to summer even in the beach consisted of bed material of widely distributed grain size. However, eroded region did not recover completely and there were differences in the extent of recovery among the measuring lines.
